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[003 1 ] 1ftC I I I »^KC^b«5*ffl<->-5Wb^ 

jraata&g-ew:. i i i -vwut&®¥mm 

MfrSSC^fCfijJa'SCitC&O I I I -VM^ft 

1 5 itteHzmmKWvztmttmicmh-rc 

[0032] fcfc. I I I j^ftfcftfti&jJIg&l)** 
«&>M t&«£ttBlA&t:ltt{bttNtiS& te J: 6 Svffl(&6 £ 
^trtsatt*«<4«#i, _hi£©J:5K:©I I I - 

J^K:*t^-5v^4'(Dffi^A^<^n«vX^±^6CD 20 
B£Sa<Dei*&fi3&s»A-5fc«)fiKS«JS{C*sW5I I I - 
VHt^ftliftl 5 ©jft5£t*t>K>&C 

[0033] (#2 ©SISIS©J$8) *IS9I©Jfl2 ©HJS 
©0®CC-3t>T. I I I -VMb£*J#3*#©xfcf** 
W *J5S**WCH 5 *#RSb-CSiBJ-r.5„ 

[ 0 0 3 4 ] 05 ( a ) ~ (b ) £-C«f& 1 ©*ife©J& 
momi (a) (e) iBIfliaifl'CfWiy-ri** 

fcawwiB***-*-*. »2©3«i©»Mrci*. i i i - 

^Figfbl/fc&tc. I2©7X>iitf (05 (c) ) . 30 

is i (ommmmtrnmic? r -fe ? Hftsej&ftu ^ 
flittf;-?-^* (05(d)). 
[0035] m2<omm<oimvi t t. mi (a)*e» 

(e) ©fmxg*i»«))ITCiCCJ:O^UfcI I I 
- V Mt^J*^®©^^** 3 6 K{&«-r 5Ci 

[ 0 0 3 6 ] m 1 ©HJS©^fi§«>SUttm2 ©Hife©^ 

l8c&-?2>m£it l Cjm-C&*), Al, O, , Si, Si 
C, MgAl, O, , LiGaO, . ZnOfOli 40 
^©, GaN> GaAlN. InGaN, InN, Ga 
AsXUGaPfOI I I -V^t^*ii<*©^fi(C 

[0037] Stem 1 *-S^«S5r«SS(C^-©;^© 

&&®m®m«DMtc&mzm-rz> i i i -vmit^m 

imaicmM-vzzZ&f&Oxmi (b) ~~ (e) ** 
t>«05 (b) ~ (d) ©^n-b^^tfo-r^iD^jai 
J&*^6ti€>„ 50 
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[0038] 3 6(C2jc||jte©^Sg-CHvX i> 1 4 <t VX 

[0039] (W3(omm(mm ^ctc, 3 

©^©TfcS&C-^-CSBiIB-r*. ff3©j©56©)&JSg«. 

0 1 <omm<omm$> * t 2 ©nj6©^gg-citt^ l fc 

I I I - VM^)*«i*©xt^+->t;WS*Ga 
Ni£¥3£#©J&gfc:fiJflJL G a NSMMWHB&J&fiR-f* 
&©-e*&„ 

[0040] ^3©*^©^{J. 0 1 ©SSS§©^.®* 
•SlHiffl 2 ©*Sfe©^-CSfteH bfcx e * + + ;H&g 
%GaN?R^WcfiJfflL/cfc©-e*D. *il-rs@^f 

[0041] «c»«c. g a Nm¥m#tmB&$m-p 

[0042] ^CtCfftSftltfCCft- U G a Nifc¥i?«*©x f 
* * > f JUjS»*f? 5 . fSg^CceSST 5Ga Nifc¥ 
^OfiJ&tiES£&tt. I I I»jM4«c*';^A (G 
a) i^b*3S (HC 1 ) OKfc&mx-ibZmtliV 
•)A(GaCl) <hVi£M*4K:y>*xT (NHj ) U 

x*m^z>mt®iWMmicj:znm£gi (vpe : vapo 

r Phase Epitaxy ) X$>2>'^-{ K5"f FVPES 
*\ GaJj^CW^SS£ffll>*W8S^fbl^3^H/£ 
(MOCVD : Metal Organic Vapor PhaseEpitax 
y) £/8C>&. J&Siagtt 6 5 0W1 100 *c-cf? 

mir>t> 2 0 0 0 0 0{g£ttt*&-f tiw:j:<,>. 
[0 04 3] G aN«^fti©if + 

^l©lt5S©^Siil^^c. GaNSf»(t« 

mc 0 . fiSS3UgLt©G a N^^i*MK:«*«©ffi^ 

[0044] xb-£*W;l,f!£fi£iKW£<!:, GaNIS 
li*t7T*5 h«^©ffi(c*fL-ceB*^cc^s 

2>o ^C-CPS^^fi£S®i|S©GaN^¥Stt:©7r42 

5t, Ga N^^^K: J: 07 7 t 7 h«j**sa*3i* 
?S)5;«I*ft5GaN»«|*I 

[0045] Ga Ntt^VUi'ifeao^Si^Htt^/c*. 
tiE*©G a N^^ft©*£||JiS;;S-Cttg«<L L>rD"7 r 

wg a N»*»(*i tefcfim*>®Bmm&mte ^ti,> 

•5. C©fc*GaN^^^©xfc-5f+^ + ^g*tf 
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[0046] *mm<D&1&tC <* i> Ifn^t fr&L&fi 

in, 7r-fe9 hOHflltCJrQ. «R4GaNJM£«M* 
©»H(=titt*>6^LfcRfilL*i7T-fei» hJCGjjfcoTji 10 

ft^faVZ c 4 £ & < ft 

[0047] Ltc&iXG a N¥fk¥mi*<Dl&g§,%.m*y 
yt-; h©^Sii*>{cgj^l6ltCftlf GaNJ£¥ 

+ ;ugi*3 ©*p§©<& &#tt 6 n . 

[0 04 8] C©«£5K:S1^{Cv;*?KJ:«3jItRlKKC 
JBtft3*ifcttfi«W«:7T-b» Hia*Wr*GaN* 20 
*»f«fcliWi- S Cit, G a NJMHtfttMOlftft* 
K*^iK:-«e>'rc 4*n»Jt&4&.&. 

[0 0 49] 36fc, ^3©^Jfi®^SSr^6ti*Ga 

(VyrJTmim) i"7X^iGaN*¥3l«:<D-S8 
Si*T5C 4 r, ««XB©^>ai» G a N jMMWII 
©lltOTfflWCimS. COiSftGaN^ 
¥«^)g±CCG a N3fi*«M**^-*f¥IW-* C 4T\ G 
a N*^»(*3R^©«H1f B©SS14%«l|-r* C 4 # 
■C*S„ 30 

[ 0 0 5 0 ] ZtcG a N£¥«tt*F-*SG a NX¥*tt 

fcGa N*¥3§#f6*3^F-(C*$tt SS®fiffi^©S@ffJ 

[005 1 ] 3 &KG a N£¥a*tt»£*?tfG a N5S 
^SlfltU— ?©*§£«, GaN3MOS#4-<*B8Ea*g 

[0052] !83©2t«S©Jgfi8{CteW6GaN& 

**(«i©«)ssfcH»w±» i omm<DBm<Dx e * * 4 o 

[0053] gSOXMKDjmorari*. G a NIS¥ 

L/ fcfftJC . I^GaN SM^&aiiBK: v * * *Jf*fiS 
[0 0 5 4] 3 6<c49Btt©^ttecffl(,>27X^&(/T: 

a* i ©nts©jB»a*<,»«i&2 ©sns©^»4P«* 

Tfj*. Btttafflt4Ci*T*4. ^fc^JS so 
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©0Ji«:*sWSGaN3fi^^Jgtl,-c«GaN > Al 
GaN. I nGaN9#*&tf&i < i&A*GaN#ft&$?£ 
W». 

[0055] SJfcGaNSi^aMfrSI^LTB. GaN 
K¥«flc U-WaNSLEDf©GaN 
*5R-T-©fl6{C F E T H B T ft 4*©fV< * (c t> jfiffl oj 

[0056] (UI4 ©JQkOjftft) 2fc«M©^4 ©JlJfc 
©»»Koi>t:. H6£#JRls-C|R9!-r*. 

[0057] gF4©HJfi©^ai« > G a N*¥3M*4a& 
KSMfiftt'tt^jakASIItt&SCLhtC. S£l©*i6©0 

«©x tr z *2/+ JuftseauB or g a N3s^tt/?ji 

[0058] 04©Hife©0SS-e«G a N&¥ig(*JK± 

©g a N&mmm+t lxg a Nmmm#m:m*z 
[0059] itctbic. mm.mmt l c-?7.i>*Bj&L. y 

«flHK^>«mS«M>ll&&Sfitm±(CG a N 

[0060] VX^KDWSM^©^^ ItB, HI 1 
©^&©«J^fS9J©«fc5«cjfcg«i£©G a NJMUtttt 

[006 1 ] ^tCBfeg^tCt** IGa N3M«§f*©:ct: 
**5^+iHaEfi*ff^. GaN^P*f*©fiS«£tt. I 
I IftJKftfCtf (Ga) 4J6ft*3R (HC 1 ) © 

si&^fiHurft^ttfb^u^A (Gac i ) tvmm 

(CT>*-T (NH 3 ) #*£flH>-5'W FVP 
EHc*»»*0l»*«. *«KfeBMfc*«fflsEfi*6 (MOVP 
E) il^TfcJ:^. 

[0062] GaNJR^ftaDxK-^+^ + iUfiJifitt. 

is i <D3m<mm±m&ic, g a Ns^sftttPtniBgif 
xu-?x *±<£&mii?i&&mw<D&xmgkimii>mc 

Mft yr-tzvh mt/fijm, 3 s . 

[0 06 3] ie* + i't«fi*«WSi. G a N3S 

vmtstcib. mm/mmcvxte ? let* 

-eurK«t-5fiSS«ll|S©GaN^^|g©7r 
W«> <!:> G a NIS*^ft{C<t >3 7 r * t» h^jg*i«J&ii 

[0064] iXCCG a N3S*#«:RJh(CG a NlR^«c 
3£3fc5RT©S£N*jg*fl*-r*. GaN^*«ft)14^ 
fiJE G a N^*(*BI*«0J«S n/cSSSrMO C 
VD|«Kt>H ( ffi£©UK. ^XSEES. v/I I 

Iit-C, niGaNi. nIA 1 Ga N:>5 v hJl, n 
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a FU. r^F-T'I nGaNl^Fi 
<tT>K - 7-InGa NP*MJ1 rt» h UZ&n&ttTSM 
mmm. PlAlGaNl, p39GaN3fc#-f F@. 
plAlGaN*7 9Ki, pSGaN3>$* Kgl; 

[0065] ^(C. U— !f-fll&&Jf*JiXL/tg«£Wlg 
»{C-tes»FU S«. SiO, vx*. teiWaNS 
*5£<*Jg©-g|5*Pj& Or G a N 3i¥a£<*lS£2ItH S H 

[0066] SJ!4©fSJ6©JBS&K: «fc 0 &CF<ommmh 
Jl£. 

[0067]U <D*iSCD^©xf5f + i/f ;U(&g-C 
n btltcG a N^¥iSt*K±ttG a N&¥eg<*jfH4»jg 

fctSg-racitcfctK ft3fc©-9-7WT»££ffli,>/c 

BSSTWS <!: tt -> T (, >ft:G a N 2MSSt*fmij@(Cte W 

[0068] 36KGa N»2|£«H**^*»G a N^MOS 20 
#IKISfr?-©JS£fc:*5l»-ta:. Sffi(C^S*ff^f 

&fPS!{x*iT-^&£G a Nm*«ft=M©a®«:^fiS-rs 

C i «C < mT£{1:Sg-CSSS{l:!SI*i*5fgBg*t:T- # 5. 
[0069] SfcGa N**«f*^^*iG a 
igf* U— ?©*!£«. mik!mWPte\,>G a N2S*a£f* 

#^(C J; rj G a N^*^» U— tf «jS©*«§ S 7 -S 
£Jfri£-C£S. C©fca^3fWF^x^>^l§;jc,i: 
S88tfclfl-C#fc«g s z> -WZBl&Ltc *>©CCi£~v*: 30 

[0070] m4<Dmm<DBmiz±.%&<D®.wicm 

[ 0 0 7 l ] Ga NJfc¥i3E{*JS©x + 

*J«*tt* 1 ©^©JfcSI/WT'fc < . 5& 2 ®^SS©Jf$ 

[0072] 3 hiCG a Nff«|tI±KGa NJfr£iS 

/c*i. g a Nm^m&mBfffi&icmfc, -7x*<tGaN 40 

[007 3] G a N^2£Wl*>6Stg. vx ? 

*^o/c«?a>&^L,/c*5. g a N&mm#m±icmi& 

3 tlfcG a Nff 4«fl^0fSAtt<D*Mft!OT9 fcU© 
"CAtl^ Sffi, vx *©BNs£trb-f. GaNH^i 

[0 0 7 4] Se>(c*Hlfi©^fiS{cffl(,^-7X : J'4L/'r 
ttJS 1 ©*SS©^fl§*4^«^2©*JS<D^j!li|^1ife 
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©Jf^KfcW&GaN^^K^LTttGaN. Al 
G a N, I nG&Nm&HbtfbtiZWG&N&Mbittt 

[0 0 7 5 ] SfcGaNJMt^ft^tb-Ctt. GaN 
U — V aNSLED?©Ga N^«^% 
7fe3J?-©ffe(C F E T*> H B T & i*©fv-W X K oj 

[0076] 

[^J609] #{t#2P;j©*&Wc-?UT0B*:#jraU-C 

[0077] (mi ommm *§m<jmmmit-o\,> 

t, (OOODI^r-fT (Al, O, )SS1 

i±(ci nmm&<Dmm<DG&Nmi 2^s>^o^>b 
m%BffcL> -7* v uv tr=y? i-mt^x.? hx? 

?>^t?v^^ 1 4ifiSS^l 3&t#8SL/c EEg« 
igtl 3*J«tCXt?X^ 1 4{*. -?-n-e*l5 MmfccfcO^ y 
m©ifl©X y«-C** 0 X h7W^|oJ(*< 1 1 
-2 0>*|Sl4Uc ( (01 (a) ) „ 
[007 8] f&&mmi 3«CfiSgt5GaNil 5te. 

i i isMtc*y?A (Ga) tmt*.m (HC 1 ) 

©SlE^^r*S*g{t^U^A (GaC 1 ) iV&JK 

fcKcy>*xr (nh, ) tfxfcfflt^w F^-f F 

VPEiilOfc. »&1 FOJASSEB 

(c-fe f- u *^#HM-Cfixsss 1000 *cfc^fi-r 

So fiRfiae^^U-C*^. HCljSi420cc/ 
##-C-{tt*&U NH,MlO00cc/S»-C5»S 
gftifft-rSCi-C. (SSM^l 3KGaNI15© { 1 
-10 1} miPht£Z,VT^.v h«ji*^SS-a/c m 
1 (b) ) „ se,tc, 2 0^HI!iaxe'^+->. t .^g 
vxi? 1 4££-5*-C7 7 .-fei. h^jSl 6*% 
^S-tffc (01 (c) > „ 

[0079] if?t->t«SW5CiKJ:07 

vm&zmb&fr (01 (d) ) . s^jca. 

5B#pa©(SESt?2 0 0 um^m.<D^t£mM^mtZ,G 
aNI%M3Wc(01 (e) ) . GaNH SZB 

[ o o 8 o ] m i ©*aswrwjsJEs««€r«(iK-r zmw. 

fiRSKJ:*), ffliJH»i {1-10 1} ffi^6^S7r42^ 

fiSSiiS*ifl6©®«fc »3 ill> /tftKlht < 7rt!, 

H2y h©ai^rc©*ra)^.{#Cf c *C<t*i-C*/5:</5:'5. 
[008 1] ^WtCiOfiXSO/ciga^i^ifflfCiS^S 
4. 7rt 7 F©ffl^-C> xe** 
^ + ;U«©«/Hi»n{cm». ilSS©«CCWiC<!:!65^*> 
o/c„ CtllCfcO, xf**^ + ;U)@|*3©XI«©<gM#s 



(9) 

15 

coo82] m i onmmticxi-cmis.ztitcG & Nm 
1 5 «:«. t7T-( r»« 1 1 tm-im^mmmmsk 

m&jmic'j>ts: < . xmmmt io s cm 1 ®s-c* 
[0083] xmmm-ei&mLtcG a Nj»tt*«##?ir 

(t4>fc<. C<D±«CU-1f > FET, *JcfcO'HBTfc<t" 

[0 084] S6fct>-7T^ra«l lfcW^tcJ:-? 
t|iST4Ci-C, GaNMl 5^Sfitf{4iLtffll,> 

[ 0 0 8 5 ] W 1 ©JW&ffl-Cfct. GaNIOxb'$+-> 
JH&gtcW FVPES*i<r>tMtfcj!i5, 

w«£jg*bi^«tBjfcK£ (mocvd) &m^~cbm 
mnimtmztiz. ^ai, o, ski ltm^tt 

SiSttL ZnOlfi, S i CSfi, LiGaO, 

s«, MgA i, o« wmzm^xbmmfttiim 

#f!6n5. 3 6KA1, O, S®1 l±KGaNJi 20 

[0 0 8 6 ] t£ic?Xt> 1 4i0tS i O, 
#C*iit|SB6tt 6 &©"?{;*&< . S i N, m>Vffi» 

mvi>^. z.oymnmv\z-?*i? 1 4©*g*2 */m<t 

vXi'*S4?>jitJC<i:0-C#-5.iH'C*tx«l5l« 
3£CCXh^:/;&< 1 l-20> 

SS:©^|Si<l - 1 0 0>T*>«fc<. Cti6©^|Sl*>6 

[0 08 7] S/tGaN<Dxfif+V*;l/figS(cot,i-C 
m^tcfiK InGaNg, AlGaNE I n NE G 
aPIS>5UiGaAsMib'$*->t^igltt 

^«&ji»**i»6n4. s^ctsg-r* 1 1 i-wmit 
[0088] m 2 ©safew *^©^2 (Dmmmic 

[0 0 8 9 ] mom&MX-iZ, ISib-C, (000 
DISi Clfil 1±K 1 ummSLOmm<DA lo.x 
Ga,., Nil 2 4*e»^t;«f)^L//«i^S*ffl^ 
/c. COA1,., Ga,., N^l 2^ffi{CS i O, 

4&j$s«irti 3«-ftmotc. m&mw 

0 w m©iffi©X F -5 4 ^tK-Cfc*. X F =7 A V"Ktm.< 
1-10 0 >fijin± btc ( (H 1 (a ) ) . 50 
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[009 0] Sfcfi6I«l 3fOiS;gf SGaNMl 5«, 
I I I&lSttKtfy^A (Ga) tmtfcZi (HC 1 ) 

©Sfc^^-c^s^fc^v^A (Gac i ) tvmm. 

UK.T>*~T (NH S )^ffl(,>5A^F7^F 
VPEffi*ffll,>fc. »S1 l*'WF?-f F<Dj$fi£K 

tct^n,, **#fflM-cj£gfig iooo -cjcus-r 

-So fi£fifigai£5£LTa>6. HC 1 iSt*2 0 c c/ 
«#-C«i£U NH,dSS2 0 0 0 c c/S»T5^g 
Sftf&1-5CiT, JfcgfgiDcl 3lCGaN)gl 5© { 1 

-ion ffi*>e>&£77-fe? h^*BSS3-t±/c (0 

1(b)). 

[009 1 ] 3 2 0^raSSxf^^^ + ;l/gES 
1 4&S i 5g-CGaN<D7 7-fe* Ffllii 
1 5 (01 (c) ) . 

[0 0 9 2] xfc'£*W;UJ&g£i&WSC 7 
r-fe* F (HI (d) ) . auwfcu. 

5^[S©)SS-C2 0 0 ymSg©¥ffli5:OT4fl1-4G 
aNIgSrff^Stttc (01 (e)). GaNI15®JB 

[0 0 9 3] ^2©^J6W«: < i:-cT^fiS$n/cGaNIB 

1 5(c«. s i csfii i t<o^^m>mmmi.ifi 
& Mcfc -5 zwx^x^u^ttimM 

4^<c^&<90B*|£t21 0« cm' flB^C*-? 

tc 

[0094] xmmmx-m&LtcG a NmaxMAwn 

K4>fc<, C©±CCU— !f, FET. *Ji:J>'HBT%i' 

[0 09 5] S iClSl l^rWS^tCcfc-o-C^ 

StSCit, GaNIl 5*»«tti|sft 

[0 0 9 6] IH2©f|jSfe0!|-ett. G a NJg©xf 

m&&m<t&®imm&:& (mocvd) zm^nkm 

l&mi>fcifi, SiSfi, ZnOit, Al, O, « 
LiGaO, IS, MgAl, O, 

i ±.icmm<DG a nis 1 2 ^$>h^cn>mmLtca\ m 

[0097]*fc7Xi'14iOtSiO 1 Zm^K. 

*icn{cKp.nsfc<D-rw^< . s i n, ^©iiejtft 

)g-C45<fct,i. CCDHJfet^-C^vx^ 1 4©iB41 Oma 
«)5:3a**if#6tiS. F5-(^< 1 - 1 0 0 

iifi©*isi< 1-120 >rfc<j:< , cne.©^isi*> 
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[009 8] S/cSettggl l±©J@<hUTA 
0. lOAlGaN^ffil'&Jji, CODifi^tJffig<Dfc© 
T?J:<. C©M<tLT-€-©ffetCA 1 N. InGaN&<h' 

*m>-ct.isi«iife^*iffe>nSo se>itGaN©xe 

^*^ + ^S«COC»-r^/c*t > InGaNJg. Al 
GaNE InNI, GaPI*^>ttGaAsI%x 

g-rsi i i -vmit-^K.*mwi<Dmmi,xt>mmti: 

[0099] (j&3 <ommm) *$m<»Wi3ommmK. 

[o i oo] m3ommmxit. itit-r. ai 
i ) i©MgA i , o< ««2 1 c<om& 

2lM{CSiO, Jg2 3*ff2*i£U 7* hMV^ 

2 2ttftmLtc. f&Mmi$2 2. *J<fcO'vX * 2 3 B. 
•en^n4 Mm. *JJ:i^3 /umCDi|@CD^ h^-r^-C* 20 

* Y^Azf-fttmK 1 1 - 2 0>^lSjiL/fc < (@ 
2 (a) ) . 

[ 0 1 0 1 ] G a N®©J&g«. -?X 2 3 ±J,C&m& 
V>G&Nifitfm*®n-*Z><DiC&Vtc^4 K^-f FVP 
Effifc/Bt^c CO^mx-lt. I I I J&MfcKttf 'J>7A 

(Ga) ti&itykm (HC 1 ) ©Jrac&^R!g5r*6^t 

tfy^A (Gac i ) i. vmmmicr>^^r <nh 

[0102] ST. 31S2 1 %^g!C« v V U * 
i£:tfX£t£if«%Lfc#?> 1 0 0 0 *CgS©iS5S-C^fflL 30 
/c&. 5 0 0-Cim®.2-£, HCl?fcfi£0. 5 c c/ 
«#-CfftlSU NH, jfcfil 0 0 0 c c/©#-C5# 
g&iJtJ&TTSC i-C. «SlbifiA«i«2 3(cfi2 0nm© 
BS©GaN^-;7Tl2 IZftmiTZ (02 

(b) ) . 

[0 10 3] C©tK!5§-C. NHj U**m&Vte1fih 1 

o o o°c{ci?s-r3„ f&Sjas#£5£i/-c#>e>. hci 

»SEfi*2 0cc/^-C«*&L/. NH, SSS1500 
c c /«#T 5 S CiT. J£fi^« 2 2 © 

GaN^?77-)124±{CGaN© (1-101) I 40 
1Phts.hl7*> "j YW&2 5£j&g<*t>-fc (02 
<c> ) . 

[0 10 4] 3f>K, xe**i'+JHsSfi*|ft». 
^2 3*a?3i-CGaNl2 5®7r-fe-; 

». fttttftect*. 5B$Bfl©JiSg^2 0 0*/m*ia©¥« 
<C*B*1W*GaNBI2 5*»l«3*A: (H2 
(d) ) . GaNM2 5Q«Aft. NH 3 #X£«*S 

[0 1 0 5] gt3©3gfl^CC<fcor^fi$3ftfcGaNB 50 
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2 5KIJ. MgA 1 , O, S«2 1 fcOflmCft** 

CitfSitgSttfc. /10I^S?rtf->/cGaNS 
Cttt. J5B##»IC^4< 1 10' cm 1 Sttr*-» 

[0106] *mmwxf&&LtcG&Nm*tmmm 

g&2 1 ftWJB»«C«tr»t:i»*-r*Cir, GaNl 

[0 1 0 7 ] ^3©*SiSWT« t GaNg©lf$^ 
+ JU&B(C>W K^-( KVPEffi^ffl^r^EKL/A:*!. 

*«^<b^MfflfiSss (mocvd) *m^xt>m 

«JtC3BMI*s©e,n*. £/c*&60m;t. MgA 1, o, 
SS2 1 «rfflt,^c*5. S i£«. ZnOlS, S i C 
LiGaO, Stfi. Al, O s £««?*JB(,»T 
^«*J»**i»e>tiS. 36tcM«A 1, O, 2 1 
±{cB«v^^=Sr},5fiSLfc*J. S«2 1±fCGaN«* 
* 6 #> 0 &0Ji$ L r J; I >„ 

[0108] SfeT^^MiltSiO, &fflt,>/c 
#C*x{tlS6nSfc©-Cttfc<. S i N. t?©*&Sf#: 
Jg-C&«fc(,>. 3 6{C-vX^2 4©lli* 1 0 MmiUfc 
Ai. •7^i'*a«>iA ! t?C<!:©-C#Si|iit?4>n{i|^««:^i 

^*sf#e>na. *mmwxiz. xh5-f^*<i 1-2 

0>*|Sj(C^L-/c*s. 7Tt5.h»liS3tintf, c 
<liSii:©^<l - 1 00>TU<. Ctx6<D^(6j 

[0109] */c*:^iteP!|-C(3:Sfe]iK:(Sa^^ 7 tJI 
£SWfcMCCGaNlg©>ag£tToT^Sft:«>. *&H* 

[0 1101S6K. »St^T , «. GaNOXt;*+i/ 
+ ^fi£S{CO(,i-raj^/t*i. I n G a NIK. A 1 G a N 
IS, In Nig. GaPl. GaAsiiiejf^tA 

[oiin (m4<D$mw) *%m<t>m4<DmMmc 
oc^r. H3. m4r^MLxstmri>. m3izmw.eft 

nmtm.vmmt Ltdmmx&z. 

[0112] *mMWXU. »«<t l/T (000 1)1 
©Al, O, SS4 1±K1 ttmSS©M/l©GaN 
K4 2 **e>*»i;*BfiSL/ci|gS£«%ffl^/c. 

[0 1 1 3 ] C©GaNK42^iB«:S i O t m*B 

•7X^4 3<tfiSg^4 4fC^SIb/c <) REgM^4 4 
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tt % 4Mm<DBS<D&tK (03 (a) K —2*53 Mm 
<DE.PimV( (S3 (b) K :fo<fctf5MmfttD*g0tf 
(03 (c) ) <D3ffi®<t&&^***^n^n«l> 
fc. 

[0 114] «JKLftU^S«WA4 4CCX£Sr&GaN|| 
4 5«, I I Ij^Wth Vjt*ti,*fW/* (TMG 
a) h iM^T^S-tfA (TMA 1 ) iVj^M 
mcT>*~T (NHj ) #**JfH>£WJ&£Jgfb£ 

[0115] H4«H3(DfiSS^«%^0/cSffi±(c 10 

i i i -viit^WiM^ 

ffilftfiRiEfiC-fe 9 h L % <t NH 3 #X 

Lft«s& i o 5 oxtoj^fiaflHcifiB-r*. aiamBafi 

H&LXUfi^ h Vj**JbMV ^AigM£5 c c/m& 
r«*&U NH 3 S15 0 00 cc/S&ri0»l 
BRUM'S CfC* lS*««4 4fc:GaNK4 5© {l 
-10 1} lf*»5ttS:7r*fe? h*tjg£/&gi*tt/c (0 
4 (a) ) o 

[0 1161S6CC, 3 0»HiattxW + ^t^«fi 20 

hflHKWtSttft: (B4 (b) ) 0 

[0 117] XtTdr*^^;i/J8SS*iRW4C<5:CC<fct>G 
aNI45©^7t>; h (H4 

( c ) ) , JRteWfctt, 1 2B#IBGuafir 100/iml 
S©¥ffl^*I**t a NI4 5 *M$1*/c (0 
4 (d) ) . 

[0 118] 31»0M^S««{CM^Ga N 
tl, t7 7 ^7ifi4 1CC*^ ?WAotl*C>Ci 30 

awBBstifc. *& % %mmxte&m$m<mvt*:*L 

[0 119] *^r«gl/cGaNI»W8W 
fcd>«C<. C<D±CCU-1f, FET, ^HBT^^ 

tt * foil 3 £ C i ffi oJte <fc & & o 
[0 12 0] 5 6tC1f^T^TSK4 l*Wa»«C<fco 
tlfcSTiCir, 6aNR4 5«MHM£Utm» 40 

[0121] *4<D||JISWC«, GaNJffiODxfc;**^ 

w»^«{t^»fl»B«5fij* (mocvd) zmi<>xi>m 

6*1 4. SfcA 1 , 0 3 ££4 1 
tcifi, Si ZnOIS, S i CIS, LiGaO 

sw#6n^ 0 ^etcAi, o 3 ««4i±k:iw»<d 

GaNJ®4 2£*6a>D#ff2j£L/t#, S«4 1±Kit 

50 
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[0 12 2] £/£VX*4 3<hOTS iO, 
#CftfclK6*l£fctD-C«:&< % S i N„ 90tBIK» 

[0 12 3] */cGaNCDxf #*^*;HsRgK:ot,>T 
a^fc*$, InGaNE AlGaNE InNR G 
a P»*SNiGaA s K*x fcf + fe 
Htttt»*W»6*i*. 3 6^gfil I I-V^b 

[0124] (msommm) *?m<Dm 5 osejiMfc 

[0 1 2 5] S©5 l«Ctt % l/2m(DJii(DGaN15 
2?!)W^n/c (000 1) MWyyJTmfcS 1 * 
fl§lr>fc. 

[0126] C(DIS5 1 3lffi(C S i O, K*J£!& 
1 07^ ^53t$l 01ft£flM5 4 &C#i5£ Lfc. 0 1 

©j«fi««5 4* fc<traic>vx^5 3n ^*i^*x 

2//nu 46^0^5 MmCDX F^-f^ttilfc. 
^fifct, < 1 l-20>il/c (05 (a) ) o 
[0 12 7] mi<D^S^5 4CC^S-r^^l(DGa 

NR5 5«, ±nE<ommm 1 <tBi«cc i i i isaa»{c^f 

(Ga) ±i£{b*S (HC 1 ) ©J536£dfflrC* 
ittfbtfl/SA (GaC 1 ) <tVJ&M*4$CT>^T 
(NH 3 ) VyA KVPEtt*^ 

jRswsa-cjisgfitt iooo 8 c(t#ar-s e 6 5 0 *c<d 
m&fr^&ms i£nh 3 tfxzm^LtcTZo /sss 

fi»*3c5£UTjfr&, HC I «£S£ 1 0 c c/S#T«*& 
U NH 3 mM40 0 0 c c/S^r6 0^fflC!)fiSS 
T\ m<D^«r»gBLfciaiO (a) (e) <D 
f&MJMZMX % m 1 <Z)vx * 5 3 ZMtbi&Astcm 1 <D 
GaN«5 5*»flrr4 (05 (b) ) . M 1 <OQ a N 
«5 5*»JSS«, NH 3 #^#H*r»a*T»aiL. 

[0 12 8]#«C % GaNjg5 5±CCWtfS i O, Jg 

fSttZ* ^ft?n<DXYv<{?m\Z, 2 Mm, *s^O'5 
/zm^fcO, Xh70'*»< 1 l-20>il/t 

(05 (c) ) . c<ds«5 i jbcc. nv. mi<omm 

mxmmLtcm l (O ( a ) < e ) (D^SXS^ig 

Jg2CD^X^5 7^ad6iA^, 1 5 0 Mm(D 

»2(DG a N® 5 8 ^^cS$#^fi{bb/c^S^f#/c 
(05 (d) ) . 

[0 12 9] fiRSU/c^2<DGaN®5 8 0^RS^»rE 
aBfi«-7-Si»»riH-</c*S*. Xm& 10 s cm 1 « 

[0 1 3 0] mbVmmWXl*. GaNKDib^^i/ 
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mm£m{t&tomm&& (mocvd) zm^x^m 

tci)\ SilS, ZnOlfi, SiCIS, LiGaO 
2 Ifi, MgAl, o 4 S«^*ffl^rfcpi«^ 
m&'&hfiZ. 3 6CCA1 2 0 3 S«5 1±CCGaN 

*\ 81S±&CGaNJg5 2£j&gthr, 

[0131] £/cv**5 3iltS i 0 2 £fflt>fc 

#cftte[g6ft&fc<Dr«&<, s i n x ^<Dj&*i# io 

^^^^^Sic-oc^r^/c^, InGaNE Al 
GaNI, InNE GaPI^WGaAsI^x 

i i i ~vmit^m^m^i(ommLxi>mm 

[0132] *^<DSHJ6W|r «G a N&<D III- 

[0133] (me (ommm) *mm<om§ (ommm^c 

[0 1 3 4 ] S6CC^-T»S6 UC« 4 1 a m<Dfg%M<D 

G&Nmez&Bi&ztitc (oooi) ww^r-ir 30 

St£6 1 £/Bl>/c 0 C©li6 mSCCS i 0 2 

(Dt&mmme 4 cc*mb is 1 <dj&sm^ 64,^ 

O^F^^^ib/c, Xh^^^faj^. <1 1-2 
0>*rt^6 1 0S«WtMl/c (06 (a) ) o 

[0 135] miCD^gM^6 4(C^g-r^mi<7)Ga 
Nl6 5lt ±B03gftm£IQttK:l I Ij5&St4te;tf 
U^A (Ga) tmtim (HC l ) <DHJ££jS«TC* 40 
Sttft*/';* A (GaC 1 ) iVKH5f4CCT>^^T 

(NHj ) K7-f KVPEft4»» 

/to ««6 K^>f F©J0Efi««KHz ? ht, * 

*#H»r«Efifitt 1 0 0 0 'ClC^fi-T £ 0 6 5 0 "CCD 
■K*>6SK5 liNHjtf^HSWcT*. 
WScffil/Tfrfe, HC 1%S£4 0 c c/ff#T?«|& 
U NH, iMMl 0 0 0 c c/fe9\ *5<fcD^>^> 

(SiH 4 )ifcg0. 0 1cc/S^15 0»H© 
fiSgt, * 1 ©ISttWrttWLfcH 1 <0 ( a ) 

( e ) (Dfc&IM&mx , SI 1 <D~?7s Z 6 3 50 



/t)HJS2 0 0 /im©*10GaNK6 5*Jgflfra (H 
5 (b) ) . Il©GaNl6 5«l NH, * 

*#Bmr^fi*rmpu f&mmm^^m^omr. g 

aNJ@6 5te, nfflr, 1 X 1 0 18 c nr'JSU:®* * 1/ 

TtBft-c&ofc. 

[0136] Jfcfc. GaNK4^U-1f«Jt©fWCC 
W«^«{b^SlfflfiESffi (MOVPE) *«i>rf¥ 

igOfc. GaNJffi6 5£0J&&, MOCVD^gCC-fe^ 
F U *^#Hmr^gMS 1 0 5 0 'C^^S-T 6 
5 OtXoaKfrfeNH, ^MKUcr&. S i 4rS 
JjDb/cl Mm(Dil$(DnMGaNJi6 6, Si*»JD0 
/cO. 4Mm©JI30nS}Alo.i J Ga I> .e 5 N^77h 
H67, Si^^ftOL/cO. 1 amCDJS^CDnMGaN 
3fc#-fFJB6 8* 2. 5nm<DJI<*CDT> F-^I n 
o.iGa^.aNl^Ffd: 5 nm©SS(D7> F— :/ 1 
n..„Ga,.,,NWI*6&i 1 omm<D&mM*# 
F«Jfi?gttJB6 9, vy^i/«)A (Mg) £id$flnt,fc2 
Onm<D]?$OpaAla.2Gao.sN17 0, Mg£8S 
JjPL/cO. UmOWOpSGaN*^ F17K 
MsftSSftJOfcO. 4/im(Df$©piAl 9 . 1J Ga 
..i,N^79 FIB 7 2, Mg£8stt)U/tO. 5/um<£)J? 
S<DpS[GaN:3>**FJ17 3tlMNtll/- !f- 
flfc&*ff«l//c 0 pKDGaN3>^^M73^M 
Lfcfttt. HN, #*#H»CJRJB*-«&»U jgfefi 
SSBJ^BtOHrr (196 (c) ) . 2. 5nm0f$(D 
7> F-^I no.2Ga 0 . s NS^#F@<b5 nm<Di¥£ 
(DT>F-^I n 0 ., s Ga,.,sN|@S1^6^tl 
-?#F«tiSrSteJB 6 9(t 7 8 0 0 Ce£>ajg-CJft£ 0/c o 
[0137JXK, U-y-m&Zmf&LtcVy v4T 
«R6 l*WB»«C-fe^ FU *7r-fr«E8 1, G 
aNI62, S i O, vx^63, tecfctfGa N]g6 
5©5 0 iLimffl»LTGaNR6 5*»ttH3l*S. RU 
LtcGaNMS (T i ) -7>1/3 (A 

D0nSlft7 4^MU p§2<DGaNJ17 3_bCC 
Ut-y*-* (Ni) (Au) ©p!li7 5*M 

« <H6 (d) ) . 

[0138] H6(C^TU— !f«jirtt, HtCnSI 

wittftitrar n M<Dnm*mtfammttcMm? z> c 

[0139] ^/c, t77^7<bGaN^itti«M 

[0140] cncc^b, 

C>GaNg6 5^:il<^S*r^C<b^r^^/c^ v 
r TlS^v^ tm«RK£ ltfcGaN65i(cf 
^0/cGaN^^ft<DU-1f^ii«:«i?»«^<, $ 
/cG a NH 6 5 ±0 tf^i§«-s^PB^cfc 9«Jgg ^ 
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[0 14 1]**H^-C(J, GaNI6 5±(CU-f- 
^jg^OT*.?,. t7r-/rlt5 1. GaNI6 
2. SiO z v^^6 3*8fBWc*i. U— if-«Jjt£ 
f»«tKt77-{TSfi6 1, GaNJffi6 2 > Si 

0, 7X*6 3£Wgl,Tfc|!i)«fc^#t#6ttS. 
[0142] 3ls||^t^-C«. W r -TTS1S6 10 

1. GaNJI6 2. S iO, v^i»6 3©Ig, *$<£ 
yGaN!65©- WZWmLX. nSCD^g^^L/ 

W^£tTfr^KK^x*^>^(c<fc«5n39©G 
aN16 6$/c«6 5 ST^L n^SS^JKfiSL. 

[0143] 

[#&"E©3&JII] fcLhitt^Lircj;^K. ^fjgtcj:* I I 
I -VMfc^^#©/&B;£&«. SBHJSSSPt-C. 
^X£CC<fcDStg±©J&g^(£8HJ|&U 7r-b 7 20 

jt£e-rc&-c. j&g-rsi i i -vmt&mmvm 

©ill -v^ft^«j¥3l«:@*^-r.5c:«t*s-c# 
£. SCoT. :*l»9C<:J:&ti;A&ffil>tit£. C<D±(Ciif 

[0ffi©fSW«Tt&BJ] 

[0 1 ] *&m<D i i i - vm<t&®mm#<m$i8Jim 30 

[12] AlGaNlASMSn/tMgAl, O, S 

[03] jstRKtcx e * * + zmmmmom 

[134] H3©*l»tt. H8^tK> RC«6«H*©J0aS1W 
«*JB)ifcLfc«iEJ:K»ffl)«fiffi*«l»-C I I 1 -V* 
{t^ft*3W*Bt4^fiJc-r-5Xg©«B5ia-C*-5. 40 

[05] *«WO«ft*ffijfe2H*»)iElxr}efiSl/teG 
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[06] *!M8©fiSfi*ffi*ffll»'C»j«LfcGaN«Lh 
f£G a NS*#ttU-!f-iil%MtaiiO«B8i 

[flF#©jftBJH 

1 1 *« 

12 ISKMSMI I I - VlMk£«¥*tt]ft 

13 III -V«|{b^BJ**{*%fiJcS3#Sfi!Efi«« 

1 4 v^J 

15 if$ + ^+«gUcl I I -VMt#Wi 
Ml 

16 111 -vmt&t&mtHD? T-t v hmm 

2 1 (000 1)I©t7r-/7l« 

2 2 GaNl 
23 

25 ih-$+i/tJHSSlfcGaNI 

3 1 (lll)I©MgAl, O, 

32 UmOGaNII, SfcttAlGaNi 

32 mm±K]mstiiu8RMm 

3 3 SffiitCJ&SLfcS i O, Jg©-7X4> 

3 4 xf$*'>t^Il/fcGaNA^7l 
35 >W F9-f KVPEStMl/cGaNIi 
43 

4 4 J&SSHtfS 

5 1 (000 1)B©t77-f7l® 
53 Sfll©vX£ 

5 4 3B1 ©f&ggliDt 

5 5 SICGaNi 

5 6 m2(DJS.mmWt 

57 m2<D-?Xt> 

58 I20GaNI 

6 5 nS!GaNI 

66 nSGaNl 

67 nSAl,. I! Ga,.„N>7?H 
6 8 nSGaNM-^FI 

6 9 1 0^©^Sfi^#F«i*rStt)l 
70 plAU^Ga^.N! 

7 1 pS!GaN:>£#-f KJl 

72 paAl,. 11 Ga 1 . 1! N*7!-H 

73 pSGaN3>ffl-B 
7 4 Ti-AlCnfll 

7 5 Ni-Au©pllffi 
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mnm] *mi 3*P4^ i 3b (2 00 1 . 4. 13) 

1 0-3 1 297 1 
¥^1 0^1 1^240 (1998. 1 1. 24) 
ISfM^Wl) ■£§Hm*£M 10-3130 

mmmm mm^ 1 o - 6 2 7 6 0 

H01L 21/205 

C30B 29/40 

H01L 33/00 
IF I ] 

H01L 21/205 

C30B 29/40 D 

H01L 33/00 C 



[IttlH]Tl5l2^3^22B (2 000. 3. 2 
2) 

i^mmjE i ] 
iffimMMi.wm%] wmm 

[fMasi] I I I -VMt^B*ift©itf+-> 
*.>K£:BK:*st,>-C. lS*I(C/^-->y3M?^ 

«CB?IBSS<btS^5£it^|^5g^^^Aj:^ I I I - v 
I I I -VM^iM^rfe'j h*iti**ffjfi£l,& 

Bwgrsj&g^ii© i i i-vwnt&®i 

ttzwmtz 1 1 i -vmt&w*m&<Df8&t>m<. 
m^m2) i i i - vMt^w*»oib-$+v 

cfc o m&m®*&i&-r siii, Butaj&BMiis 

«cl5te«S<ktS^®:^W5i^*iMAj:§ I l I - v 

i i i -vmii£®*m&*7 T-tv bmmznmiytj: 

*J&fi*fi3-li. ISS1'5SSM^O I I I -vmit&W 

fait? nfc^scciria&ififcig*) ig-r c <t t 
~?%> i i i -v8Hb£W##©jag:fr&. 
CS1W313] mrfes«*ffi(c > Miaj&geaJ^ccj&g-r 
si i i -vm<t-£}<&¥m{*±mcttm\ $>zwz& 

-fit l- 



m<fc-rsst*3iix«2ietg(Di i i -vm<t&®*m 

#©*££#•&, 

iciftfUitiiisai. 2x«3fats©i i i- 

or. mizv YWbmWtjfi { l - l o l } fflr 
*2.c<t*#i5:i-rsfi^4fetg© i i i -vmit& 

-p"C. T.Yv-i ^|6]#< 11-20 >#|6j$fctt< 1 
- 1 0 0>*|6]-C&-2,Ci5:#SS[i-r-Stt^4iEi8© 

i i i -vmt&m^mwvf&m-fim. 

[fi*lI7] ttRStRtt. Mg A 1 , 04 sis, s 

i s«. z n omm. s i ess. l i g a o, m 

IB I I I -Vm<t&®)¥mmZ. GaNg, InGaN 
IB. AlGaNlg, InNR. GaPl, GaAsl® 

t>-rti*> i ^frtmtRztizc t*&mt-fz>n?m 1 
x« 2 x« 3 xt* 4 fats© 1 1 i - v mit&mmm&o 

[iS3}?^8] mriBi i i -vmitizwmmmiGaiN 

&¥«(*-C*oT, f?fc£iB/a©*iS<*Jg#GaN, I 
nGaN. A 1 G a N©5 %'Pt£<, i.i>2~3<D$t 

»*> 3 tin > £ c t *&®.tlr zffim l XW: 2 

XW3X«4fBiS©I I I -VMt^^«*©fiSg* 
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m-cyrizv vmm^mmctji^hmsLtci i i-v 
mt^*mwtmm^tzim/m.<D 1 1 i - vmt& 

mrtB 1 1 i -vmt£®¥m&<Df£micj:K>m&yT-iz 
» hmmm#>&*tixBm2titci 1 1 -vmitsm 
¥«f*££W-rsc ££#§*£ -r-5, i i i - vmit&m 

m^m io] mi— vm<t-£i®>¥m#t&i-m®. 

mm-eyr-t y hffimz&mLtetfizffi&utci 1 1 - 
vm<b£®>mmmmm-rz>mmm®o>i i i-vmit 

i i i -vmt&®>¥Wt*<Dfitmicj:K)mmy r-tv v 

§ai 1 1 -vj£<b^^#$*e>i!>fc< ti>mnm 

it4 1 i i -vmitsmmm&m. 
m*mi i] mim&msic* mtmmmmias.S: 
i i i -vmit$®)¥ww±mctm*\ 

♦S^St^i^^^cDlK/cttS^Wri I i i - v^ 
it£®l¥m#&B&L2ti> husB I I I -VMikisV&m 

±*mkt?zm*mQbzwtm£m\ oia*g©i i 
im$m 12] g a N&zm&tte*7Z.$t*>®imm 
g a Nm¥Wftmmic-<$ > hfcvx »*mcc 

<£ 0 fi£S«««0^-r -2>X*I£ . S9iafi£S^KG a N 

KS-rSfiSS^CDG a N^«f*£ £ hiCmiE^^ 7 

® *¥ifi{fc-T XH**f 4Ci £ tSGaNS 

[10*31 1 3 ] MJftfl 1 2 CCISIS3 nfcG a N?S*« 
MfBG a N JMHMtiRfr 64>* < £ 6 

[W*^ 14] G a NjR^NK»£«f£tt^RKSSft 
«C^fiS3tifcGaN^^tt^B«:filS««4^fiR-r* 

«r4JSSft«WI©G a NjM£*tt(Dlftft& £ fctCflfiEv 
Xdrttt4«:at». 3 6tC|JiBGaN3R¥3Wt©Ji!cfi«:j; 

[M*g 1 5 ] HMOS 1 4iB«©t*IBG a NSI^agf* 



e*>6d>% < £ *>«riBS®. vx *tmwift*s*vt:i,» 

£ C £ **$&£ tSGa N«¥W#K. 

1 6 ] M^l 1 2 *St>«gfl5fc51 1 3 (cBtt 
©G a N%^VfUI<D^llt(Dfft(C. friBG a N^¥i£& 
MJiKG a NX33*fHt?®fRJim*J&l£r *X«* 
W-T 4 C £ itiGa N K^fHM4f&0X?tt 

[M«q( 1 7 ] 1**8 1 2 {ClBtK©G a N JMNMHR 
©«JsR©&{C. fftSBG a N^«#M±fC G a N*¥» 
«*-f<DSI»l«Jfi*»RW*xa£. ffreGaN£¥« 

8i**t4C44»iit4GaN JM£9ttflt JMHB 
©JfcfiS^fffi. 

[M3&9 1 8 ] 85IBG a NJM^WM^KK. y^A^ 
^CJ«j&£$t?Ga NJM0W*»#JIW--C*ie£*W 
©£^-■511*^16, *£<,>ttiit*>Sl 7fBt£©GaN 
Jfi^(*aH»Ji©«filWj*. 

1 9 ] WSBG a Nm%i%m*&G a N »¥5» 
*U-1fr*SC£*««£"r*«tJ»8ll. 8iBiS©Ga 

[f»3jS«2 0 ] M4U91 4*St»ttHWaB 1 5 KfBtS 
©G a NSi¥iS{*lg±(CG a N&*i*(*3&^-©«»»jg 

AGS. 

[ll#92 1 ] IMSI1 4*5(,>«I9^3S1 5IBig© 
G a N^ittRhfcGa NX¥*tt«?4>fllJI4tifi*s 
JBlSSn. UiBGaN»^«:R*^< £tlftiB« 
S. 7^ftm«S3hn>4CtMit5Ga 

[M&B2 2] MEGaNJUHMtiims. 
^oflKes^tfGa NSM0W*««*^--t?*4C £*«f 
»£TSIB3a®2 0*4t^ja^2 llBig©GaNS 

2 3 ] S5IBG a NJg^SR^*tG a N3R*3» 
#1/— tf-C*4C£*«f«£-r6i»*«2 2ffi*S©Ga 

[IB*3«2 4 ] fBJfOS 1 2*4l>«W^il 1 3 IBIS© 
G a N^^S«:^©Ji5fiE©f*4C . S?IBG a N 
±{CGaN**3Wt3R^*Ji$«E-ir4Xg*WrSC£% 
tiitSGa N Jfc¥i»*3R^©«ji2ri!£. 

Cif^S 2 5 ] 1 2 CCIB«S©G a NJMHMtJR 

©^©^CC. S«BGaN5R*s»tWBLhCCGaN^a» 
«***JI5JSW 4Xfi£ . KTIBG a N jfi^9tfM«>6^ 

^< ifeiirtBSffi. ^^f*m*iJt*-r*ie£**-r 

C»*12 6] WKGaNm*»ftJR^-«. ^Jl^ 
»£-r5l»«3l2 4*4l>{*iS*312 5ffi*8©GaN3g 
[film 2 7] fJIBG a N5S^^T**G a NS^iS 



<*U— tf-e*-2>Ci*#SS[i-rSi«*JI2 6iBi£©Ga 

[fg*^2 8 ] gfJjOS 1 4*SC>(itt^ 1 5 (CfBtt 
©tJIBG a N^^ftM±KG a NX¥«tt*?-#ffl$j$ 

[If 9 ] ifjJSB 1 4 (Cl2tgCT)B?ieG a N SMN* 
«:M±{cGaN^«i*^*^fiK3n. firfBGaNSi 

nr c t i -r s g a N«¥¥ftiit?. 

[ifsj<®3 0] BUf2GaN^ai«:^«. *trf)\,<^ 
S4t^-^it^2 8*St>tiif^2 9iB$g©GaNJ& 

[if^S3 i ] frtaGa Nm&y&n+ifiGaN&mm 
& u-- <r -cd>*> c t %<m. tr *if mm 3 o te*g©G a 

[if #^3 2 ] giiiBG a N &¥igfr%3fcjpS^ff T> F 
- 7"gT#Fr5tt)f £ -5 C <b t T Sif 33if 1 
8Xtt 1 9iBiSg>G a Njfe^^Ji%j»©MM;frfe., 

[ff^B3 3 ] BiffgG a Nm¥mfr$t%;m*&T> F 



<®ffl¥- 1 0-3 1 297 1 

2X«2 3§aisg)Ga N&mm*ms®m. 

[jf^3 4 ] MIBGa Nm¥mW¥&tfZ?-1fiT> F 

-^a^-#F^ttg^»r^c<b^m<bt--5if^3i2 

6 Xtt 2 7 §Sl£©G a N^¥agftgt^©a«£;fta-,, 
[ff^3 5 1 MIBGa N3h!¥m»9&a&#T> F 

0X1*3 1 §Bi£(DG a Nj^^ft^-?-. 

iMiEtt&mm&] 0021 

[HIE**] 

[002 1 ] S 6K1UIBG a N&^ig&IPITtt. frOU 
^f-a«ig£^tfG a N^^%7fem-?--C*S C t £ 
^fSfci^S. t?fBGaN^f^^#GaN3^tt*U 

^Tff T > F - ?-g^-#Fy£ft)l feWT 5 C ^ £ 
f5. 



-ffl 3- 



